Abstract.-Theoretical study of orientational intra-plane ordering in the second stage graphite intercalation compounds is presented with particular emphasis on the role of phonons. It is shown that the rotation angle of intercalant layers relative to the graphite layers is predominantly determined by i,ntra= plane transverse modes and also depends on the ratio of lattice constants of both intercalant and graphite layeas.
1. Introduction.-X-ray diffraction studies of CZ4Cs prepared from single crystal graphite demonstrate that a triangular arrangement of Cs atoms in the real space is non-registered with graphite layers in macroscopic domains, generating a hexagonal sextetof diffraction spots rotated by + 1 4 O about the c-axis with respect to the <loo> graphite direction at temperatures 50KzTz165K [l] .
Similar orientational intra-plane ordering has also been studied on C24Rb [2,3,41 and other compounds. In the present paper, a microscopic theory of the orientational intra-plane ordering in the second stage compounds is developed with particular emphasis on the role of phonons.
The theoretical procedure follows the one developed by Novaco [ 5 1 for mono-layer films adsorbed on solid surfaces, but is extended so as to be applicable to our system consisting of intercalant layers sandwitched between a pair of graphite layers. It is shown that characteristic phonon dispersions modulated by a coupling between intercalant atoms and carbon atoms in the adjacent layers play a crucial role in determining the rotation angle in the orientational ordering.
2. Model.-We assume that intra-plane structure of an intercalant layer is a triangular lattice with a lattice constant dI and is non= registered and incommensurate with the adjacent hexagonal graphite layers with a lattice constant d G.
Then, the atomic displacements from the virtual lattice sites are modulated each other by means of the interatomic potential between intercalant and carbon atoms. This modulation yields displacements of atoms to new stable positions of intercalant and/or carbon atoms, giving rise to a rotation of the reciprocal lattice of intercalants relative to that of carbon lattice. The free energy, then, turns out to be given by Eph+EMDW,where E ph denotes the renormalized phonon energy and EMDW corresponds to the energy gain due to the static displacement of atoms and is called the mass density wave(MDW) energy hereafter. Within the self-consistent harmonic phonon approximation, EfifDFJ is given in a form stants. Details of the derivation of the phonon dispersion curves and Emw will be published elsewhere. 
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The EmW for C24C~ is calculated by using phonon dispersion curves shown in Fig. 1 , and is plotted against the rotation angle 0 between + rloo and dlOO in Fig. 2 . We have taken dI = 6.02; and dG = 2.47;
( z = dI/dG = 2.44) which correspond to the layer stoichiometry C12Cs.
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----/- Fig. 2 The 0-dependence of MDW energy for C24Cs calculated by uslng the dispersion curves given in Fig. 1 . Solid curves represents the total MDW energy. The dash-dotted and dashed curves indicate contributions to EMD~J from T and L modes, respectively.
The minimum of EMDW is found at about 14O in good agreement with experiment. It seems interesting to observe from Fig. 2 that the lowest longitudinal mode always plays a role to stabilize energy at 0=19.1°, but the lowest transverse mode is more effective in stabilizing MDW at angles below 19.1°. The similar feature is also seen in the case of C24Rb. In this case, however, the EMDW shows a flat minimum over a certain range of 8 around 12O for z =2.45. It is concluded from our results that the rotation angle in the orientational ordering is determined not only by the value of z, but also by the detailed phonon dispersion curves characteristic to the compounds.
